This study aimed to evaluate the tensile and transverse bond strength of chairside reline resins (Tokuyama Rebase II, Mild Rebaron LC) to a thermoplastic acrylic resin (Acrytone) used for non metal clasp denture. The results were compared with those of a conventional heat polymerized acrylic resin (Paladent 20) and a thermoplastic polyamide resin (Biotone). The failure sites were examined by scanning electron microscopy to evaluate the mode of failure. As results, the bond strength of reline resins to a thermoplastic acrylic resin was similar to the value of a conventional heat polymerized acrylic resin. However, thermoplastic polyamide resin showed the lowest value. The results of this study indicated that a thermoplastic acrylic resin for non metal clasps denture allows chairside reline and repair. It was also found that the light-polymerized reline resin had better bond strength than the autopolymerizing reline resin in relining for a conventional heat polymerized acrylic resin and a thermoplastic acrylic resin.
INTRODUCTION
Increased esthetic expectations in dentistry have led to the need for removable partial dentures that expose little or none of the metal supporting structures or retentive clasps. For this reason, non-metal clasp dentures using thermoplastic resins have become alternative treatment options 1, 2) . Various types of thermoplastic resin for non metal clasp denture have been introduced.
In the 1950s, the use of nylon polymer as a denture base material has been described in the literatures. Nylon is a generic name for certain types of thermoplastic polymer belonging to a class of polyamide [3] [4] [5] . These polyamide resins have advantages of higher elasticity and higher molding precision than conventional heat polymerizing resins 6, 7) . Since they have inherent flexibility, these materials prevent prosthesis fractures and facilitate denture retention by utilizing the undercuts of abutment teeth in the denture base design without metal clasps 6) . However, some disadvantages reported in the early form of polyamide resins included high water sorption, discoloration and difficulties in reline and repair [1] [2] [3] . Existing removable partial denture often requires denture base relines to improve their fitness to the supporting tissue because of gradual changes in edentulous ridges [8] [9] [10] . Successful denture relining depends on the bonding strength between reline resin and denture base resin. Therefore, adequate bonding strength to reline resin is very important factor in the selection of denture base resin 11) . To compensate the relining problem with polyamide resin, new non-metal denture base materials are still being developed.
Acrytone (High-Dental-Japan, Osaka, Japan) is a newly introduced thermoplastic acrylic resin in order to maintain advantages, and overcome the shortcomings of conventional heat polymerized acrylic resins and existing thermoplastic resins. According to the manufacturer, it is available for non-metal clasp dentures due to the elastic characteristics, and relining is possible because it is composed of polymethyl methacrylate (PMMA).
The physical characteristics such as flexural strength and modulus of elasticity of Acrytone were reported 12) , but the studies on the bond strength of reline resins to Acrytone are insufficient.
Even though the bonding strength between reline resins and Acrytone has never been clearly investigated, some practitioners have already begun using them based on their preference and clinical experiences.
The purpose of this in vitro study was to investigate the bond strength of two relining resins bonded to Acrytone, and the results were compared with those of a heat-polymerized acrylic resin and a thermoplastic polyamide resin. In addition, the nature of the fracture surfaces was evaluated. The hypotheses of this study were that the bond strength of reline resins to Acrytone would be different with those of a heat-polymerized acrylic resin and a thermoplastic polyamide resin, and that the type of reline resin may affect the bond strength.
MATERIALS AND METHODS
Three denture base resins and two chairside hard reline resins were selected for the study (Table 1) . The denture base resins were a conventional heat-polymerized acrylic resin (Paladent 20; PAL20), a thermoplastic Evaluation of adhesion of reline resins to the thermoplastic denture base resin for non-metal clasp denture 
Tensile bond strength test
Nine specimens for each test group (total 54 specimens, n=9) were processed according to manufacturer's instructions. A brass die, 10 mm in diameter and 43 mm in length, were used. The dies were invested in silicone rubber. The obtained mold was used to prepare the wax blocks, which were used to produce the denture base resin blocks. Denture base resins were polymerized in the molds according to manufacturers' recommendations. The specimens were then removed from the molds, and 3 mm of the material was cut off from the midsection using a water-cooled diamond disc (Komet, Gebr Brasseler GmbH & Co. Kg, Lemgo, Germany). The sectioned surfaces of denture base resin were ground with 1,000 grit SiC abrasive paper, and were treated with primer provided by the manufacturer before applying the reline resin. Tokuyama Rebase II was used with an ethyl acetate-based primer and Mild Rebaron LC was used with a dichloromethane-based primer. The primers were applied with a brush and left to dry for 30 s. The specimens were replaced in the molds, and the missing 3 mm sections were repacked with reline resins 13) . The specimens were polymerized according to manufactures' recommendations, and trimmed. All specimens were stored in distilled water at 37ºC for 50 h (Fig. 1a) .
Tensile bond strength test was performed on each specimen until failure. A universal testing machine (AGS-1000D series, Shimadzu, Tokyo, Japan) at a crosshead speed of 5 mm/min was used for this test (Fig. 1b) . The maximum tensile load before failure was recorded for each specimen. The tensile bond strength was calculated as the load at failure divided by the cross-sectional area of the specimen.
Transverse bond strength test
Nine specimens for each test group, total 54 specimens (64 mm×14 mm×2.8 mm in size), were prepared for the transverse bond strength test. The specimens were prepared in the same manner as previously described in the tensile bond strength test. A 10 mm section was removed from the center of each specimen. The primers were applied to the sectioned denture base surfaces with a brush and left to dry for 30 s. The samples were replaced in the molds, and the missing 10 mm sections were repacked with reline resins. The specimens were polymerized, removed from the molds, and trimmed. All specimens were kept in distilled water at 37ºC for 50 h (Fig. 2a) .
The transverse bond strength of the specimens was measured using a 3 point transverse flexural test in a universal testing machine at a crosshead speed of 5 mm/min (Fig. 2b) . The transverse bond strength of each specimen unit was determined using the formula: S=3WL/2bd 2 , where W is the flexural load, L is the distance between supports (50.0 mm), b is the specimen width, and d is the specimen thickness.
Statistical analysis
The results of the tensile and transverse bond strength (MPa) were analyzed with 2-way analysis of variance (ANOVA) using statistical software (SPSS version 17.0; SPSS Inc, Chicago, USA). The variables were denture base resin and reline resin. One-way Anova and the Tukey HSD post hoc comparison were applied when appropriate (α=0.05).
Failure analysis
The failure site of all specimens after tensile test were gold sputtered and examined by means of scanning electron microscopy (SEM, S-4800, HITACHI) at 15 .0 kV to analyze the mode of failure. The SEM images were developed with ×800 magnification for visual inspection. The failure mode was recorded as adhesive, cohesive or mixed. 
RESULTS

Tensile bond strength
The results of tensile bond strength with multiple pairwise comparisons using the Tukey HSD are shown in Table 3 . Two-way ANOVA results revealed that significant differences existed as functions of the denture base resin type (p<0.001) and the relining resin (p<0.001), whereas the interaction term (Denture base×Reliner) was not significant (p=0.305) ( 
Transverse bond strength
The results of transverse bond strength with multiple pairwise comparisons using the Tukey HSD are depicted in Table 5 . Two-way ANOVA indicated significant differences according to the denture base polymer type (p<0.001) and relining resin (p<0.001), whereas the interaction term was not significant (p=0.056) ( Table  6 ). The Tukey HSD post hoc comparison was applied to the denture base resin-reline resin combinations (α=0.05). The results of transverse bond strength were similar to those of tensile bond strength. The bond strength of groups 1 and 2 were significantly higher than those of group 3, and the values of groups 4 and 5 was significantly higher than those of group 6 (p<0.05).
There was no significant differences between groups 1 and 2, and between groups 4 and 5 (p>0.05) ( Table 5 ). 
Fracture analysis
The mode of failure results are shown in Table 7 . Different failure types were observed among the groups. Most of the failures in groups 1, 2, 4 and 5 were mixed failure, whereas groups 3 and 6 presented pure adhesive failures. The SEM images of fracture surfaces are shown in Fig. 3 . The remnants of relining resins adhered to the denture base resin are presented in groups 1, 2, 4 and 5. Pure adhesive failure modes are presented in groups 3 and 6.
DISCUSSION
The bond properties of acrylic resin combinations have been the subject of many investigations. This property has been examined in several studies using tensile 9, 14) , shear 15, 16) , and transverse tests 8, 10) . In the present study, the bond strength between reline resins and denture base resins were measured by using tensile test and 3 point bending test. The tensile strength test method was preferred because it applies a simple tensile load to the joint, which allows for comparison among different materials 15) . And the provided fracture surface can offer information about the structure of the boundary layers and the site of failure 14) . However, the tensile test requires a precise loading direction to the specimen in order to get correct results, and this factor considerably affects the values, and it is very difficult to control 17) . The 3 point transverse flexural test has been widely used to evaluate the bond strength between different materials as well as the transverse strength of the acrylic resins itself. The validity of the 3 point flexural test is closely correlated with the failure mode of the specimens 18, 19) . Therefore, in this study, two experimental methods were used to increase the reliability of the bond strength measurement.
The hypothesis that the bond strength of reline resins to Acrytone would be different with those of a heat-polymerized acrylic resin and a thermoplastic polyamide resin was partially accepted. The bond strength of Acrytone did not show a significant different with that of a heat-polymerized acrylic resin. However, thermoplastic polyamide resin showed significant different.
The bond strength between the existing denture base resin and added reline resin is affected by the chemical composition of these two resins 20) . Paladent 20 is a heat-polymerized acrylic resin with excellent physical or clinical properties. Another favorable property of acrylic resin is its bonding ability with new resin. The autopolymerizing and light-polymerized chairside reline resins are based on either PMMA or its copolymer polyethyl methacrylate (PEMA). Because of the almost identical chemical composition, the autopolymerizing and light-polymerized reline resins are considered to actively bond to the acrylic denture base resins. In addition, the bonding of reline resins to denture base resin may be achieved by penetration and diffusion of monomer into denture base resin. Thus, the difference of molecular weight of monomer in reline resin could affect bonding ability 21) . Biotone is a thermoplastic resins belonging to the class known as polyamides. These polyamides are produced by condensation reactions between the diamine and dibasic acid 3) . Since thermoplastic resins for nonmetal clasp dentures have a low modulus of elasticity and are easily manipulated, these materials make it possible for larger undercuts to be used for retention compared to acrylic resin 1) . However, polyamide polymers are highly chemical-resistant materials owing to their high degree of crystallinity. Therefore, it is difficult to react with the monomers and resin primers of reline resins 6) . In the present study, the bond strength of reline resins to Biotone showed the lowest value.
Acrytone is a thermoplastic acrylic resin produced by an injection molding technique, rather than by polymerization of the polymer and monomer. According to the manufacturer, Acrytone has 82 MPa of flexural strength and 2,500 MPa of elastic modulus. Other test report 12) also showed average 89 MPa of flexural strength and 2,072 MPa of elastic modulus. The flexural strength is similar to that of heat-polymerized acrylic resin, and the elastic modulus is intermediate between polyamide resin and heat-polymerized acrylic resin. The flexibility of Acrytone is superior to the heatpolymerized acrylic resin, but is approximately half of polyamide resin. The impact strength of Acrytone is double than that of conventional heat-polymerized acrylic resin 12) . Thermoplastic polyamide resin is sensitive to temperature, and curves gently in hot water due to loosening of the molecular structure, while Acrytone maintains the existing rigidity.
In this study, the bond strengths of reline resins to Acrytone were similar to Paladent 20. It is because that Acrytone has the same chemical composition (PMMA) with conventional heat polymerized acrylic resin.
The second hypothesis that the type of reline resin may affect the bond strength to denture base resin was accepted.
It has been reported that the type of relining material may affect the bonding properties of different hard reline resins 14, 15) . The mechanisms for adhesion of reline resins to acrylic denture base resins are dependent on swelling of the PMMA surface by the monomer or solvent, diffusion of monomers in the swollen denture base material, polymerization, and the formation of an interpenetrating polymer network (IPN) 14, 21) . Therefore, adhesion between the denture base and reline resins can be improved by wetting the surfaces with methyl methacrylate (MMA) based monomers in reline resins and applying appropriate solvents to the acrylic resin surfaces. Some studies reported that these organic solvents, such as chloroform, acetone, and dichloromethane increase the bond strength of reline resins to the denture base resin 16, 22) . Surface preparation with dichloromethane can cause the surface to swell, allowing diffusion of the polymerizable material. Such preparation can create surface pores, approximately 1 µm, in the acrylic denture base resin 19, 23, 24) . Ethyl acetate also has the ability to swell the surface and allow the diffusion of the denture base resin. Shimizu et al. reported that a 120 s application of ethyl acetate was effective as a 5 s application of dichloromethane at preparing the surfaces of denture base resin 19) . This means that, in the same application time of 30 s, dichloromethane is more effective than ethyl acetate at preparing the surfaces of denture base resin.
The present study also showed that Mild Rebaron LC with dichloromethane-based primer groups presented higher bond strength than Tokuyama Rebase II with ethyl acetate-based primer groups in all three denture base resins.
Another possible reason for this result includes that autopolymerizing reline resin have higher residual monomer after polymerization and can allow the inflow of air bubbles during relining, and then causes weak bond strength 25, 26) . The limitations of this in vitro study include that the bond strength were measured only after 50 h storage of specimens. Denture base and reline resins have different solubility and water sorption, therefore, the changes in bond strength might be occurred by storage time. As further studies, the long-term storage or thermal cycling experiments to simulate intraoral conditions will be needed.
CONCLUSION
Within the limitations of present study, the following conclusions were drawn:
1. The bond strength of reline resins to a thermoplastic denture base acrylic resin used in non metal clasp denture base was similar to that of a conventional heat-polymerized acrylic resin. 2. Among three denture base resins, a thermoplastic polyamide resin showed the lowest value in the bond strength. 3. For a conventional heat-polymerized acrylic resin and a thermoplastic acrylic resin, the lightpolymerized reline resin had better bond strength than the autopolymerizing reline resin. However, there was no difference for a thermoplastic polyamide resin.
